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Lots of stuff we don’t know about DM:
Number of DM species? Dark sector?
Mass(es)?
Interactions with SM? DM-DM interactions?

Meanwhile, back in the SM....

Origin of 3 fermion families unknown.
Presumably, BSM physics will come to the
rescue.

Many models of “horizontal” symmetries to
address flavor issues.

In both cases, more questions than answers.

Could BSM physics that describes DM and BSM
physics that describes SM flavor be related?
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So, we take the hypothesis that:

DM belongs to hidden, “dark” sector which
contains at least 2 species (flavors) &

DM & SM share a common flavor interaction.
Want to be as model-independent as possible.

But, space of possibilities to explore utterly huge;
must make some assumptions:

On the dark side:

Take dark sector to contaihparticles,f, f’.
Take bothf, /' fermionic.

m¢ < my; DM composed of eithef or mixture
of fandf’.

Consider wide range (0-TeV) of DM masses.
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On the SM side:

For simplicity, consider only interactions wik
d (andu, ¢, t when required by gauge invariance).
But, notexcluding other interactions.

Analyses wk’s or (’s very different.
And, about the mediator(s):

Assume heavy~ TeV), neutral ¢’-like) flavor
gauge boson(s) coupled to dark and SM sectors.

Both flavor-changing, flavor-conserving vertices.

Wi
1)
2)

| consider two scenarios:
ourely right-handed interactions and

purely vector interactions.

Low-scale flavor physics-analysis only useful
for models with no tree-levek’ — K mixing.
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Put it all together, get effective 4-fermion op’s:

Ciqjab g ngab gL — g
A2 Oz’jab — W(fz'r fj)(QaFMQb)

i,7=1f,f a,b=s,d(and sometimes, c, t)

_ , _ _ () Gl
g=V, R: Ve — v, [hin — yH 27 , AQb TBD.

Also get 4+ op’s and 4-quark op’s like

O:sq S O:sq S(3 T
5 Otias = —y5- (ST"d)(dls).

Arise from same physics, expect all op’s in each
scenario (RH or V) have simild€?. ,|/A*, but

Interaction & mass eigenstates need not be same;
SM implies eff. scales can easily vary 1-2 0.0.m.
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Kaon decaysrt ;) < 180 MeV):
O 1o = (ful ¥ ) (3T ,id) give K+ — 7% fO F0.

mnsd

Take BfIKT — n7vi) = 1.7+ 1.1 x 107" as
limiton K+ — 7t ff.

Consider two cases:
1)f f final state,f nearly massless

2)f f' final stateyn s ~ 0, mp ~ 100 MeV.

Limits on NP scale:
RH: 42 — 47 TeV
V: 70 — 80 TeV

Supernova cooling:

Constrains coupling of ) f() to pions d).
Limits on NP scale fo©% . of orderNTeV
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Assume no tree-leved?, , (A ~ 10° — 10* TeV).

Interactions w/DM giveX — K mixing at 1 loop:

Take op’s which change flavor in both sectors, Ie:

Crra Chias 7 ;
A2 O?’fds — A2 (f;%fylufR) (dR/y,LLSR)

Only contribute if mass eigenstatésf’ not
same as Iinteraction eigenstates.

Place limits on combinations @ff . , /A%,
mixing anglea, andd = my — my.
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Loop diag givesK;, — K¢ mass difference.
RH case (vector similar):

2
cit. 52
. Af?(mm*%z( fAf)

whereA ~ 1, fx = K decay const.

TakingA,,, = 3.48 x 107 GeV andA = 1 TeV,
CRde a* 36| <7 —8GeV

C} 14,2 00] S 1GeV
A, depends only on magnitude’ . ,.a*34|.
e may improve limit orv by up to 0.0.m.

Small splittings may be interesting....
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OperatorsD;,,, give interactions with nucleons.
For RH case, the spin-ind’t DM-nucleon x-sect Is

_|Cspad” M7y (Z +2(A = Z))?
At 167 A?

OST

For vector interactions,

Cfaal” 9
OS1 = IX WMred

Results, assuming thatcomprises all of DM:

my (|C dd|/A2) 1/2/TeV (|C dd|/A2) 1/2/TeV
~ 10 GeV (CoGeNT) ~ 0.7 ~ 2
fewx 10 GeV (XENON2100) 25 213
~ 1 TeV (CDMS) 23 2> 8
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Do O%, ;44: O 44, allow f' to be component of DM?

Tree level decayg’ — f=° or f/ — f+jets much too rapid
unless NP scale very high.

Consider tinyy; only loop-suppressed decays allowed:
fr=fvo, f' = f+ny, [ — feTe™.
RH case: Strongest constraint &from 2-loop diagram for
f" — f~. f’ can be long-lived if
5 < (400 keV) (i)
my
Vector case:
§ > 2m,: fastf’ — fete.
d < 2me. f" long-lived for interesting NP scale.

Direct detection: dramati©(MeV) E.,..., but current exp’ts only
sensitive below~ 100 keV.
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Constructed toy models (one RH, one V) which

Do not contribute td — K mixing at tree level.
Are anomaly-free.

For both models
DM transforms as doublet under gauged(2) »:

_( h
F_<ﬁ>
Ops®?, , = (sI'"d)(sI',d) do not obeySU (2)F,

not generated at tree level.

35U (2)r Z' gauge bosons which get mass from
someSU(2)r doublet scalap.

Flavored Dark Matter — p. 11/15



RH model:
Place RH down-type quarks 80 (2) r doublet:

[ dri
n = < ue )
DM diag only 1-loop cont'n tak — K mixing.

Anomalies! Must add new fermions or charge
other SM particles unde¥U (2) .

Vector model:
Also need LH quark doublets, RH up-type quarks
U
QL:<QL1>, UR:< Rl)
QL2 UR2
No anomalies this time!
1-loop cont'n toK — K mix. NP scale> 1TeV.
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At LHC, /s ~ 14 TeV-eff. op. formalism not valid.

Look for flavor gauge bosong’, decay products.
Take right-handed toy model as example:

3 7' gauge bosons; take all to have maseV.
Take f, f' to have negligble mass.

SU(2)r coupling same as SMU (2) couplingyg.
Fermions added to cancel anomalies very heavy.
Gives effective scales:

Ciwal _ 9° 1
A2 4TeV?  (3TeV)?
‘CfRf’sd‘ _ ’Oﬁfds’ _ g° N 1
A2 A2 2TeV? (2 TeV)?

with all other coeff’s linking the two sectofs
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Possible signature at LHC: monojet.

Signal:

pp — Z'j (j = q,g]et), ,
7" — invisible. n 2

SM backgrounds:
pp — 49, 4L — VU )i o
pp — WEj, W — =y, 1 o
/= lost in beampipey > 2.5.

Reduce bkg by very tight cut
on monojety. Vs =14Tev

2250 2500
p;/GeV

For £ ~ 100 fb~!, expect search systematics-limited.

py > 440 GeV: S/B = 10% (with S/v/ B = 22).
p; > 625 GeV:S/B = 20%.

Flavored Dark Matter — p. 14/15



~lavor, DM both require BSM physics.
Possibly related?

nvestigated constraints on flavor interactions that
iInvolve DM ands, d quarks.
Extremelyrich subject.

Constraints from low energy measurements,
direct detection, colliders, relic density.

Implications for direct detection, LHC.

Could investigate interactions with tops or
leptons.very different analyses!

Also: left-handed interactions, scalar DM,
specific models...

Lots to do!
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